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A B S T R A C T 

Jet and direct-photon inclusive cross-sections measured by the U A 2 experiment at the C E R N pp Collider are 
presented. T h e d a t a are also compared with the predictions of per turbat ive Q C D . In the two-jet invariant 
mass distr ibution, a signal from W and Z hadronic decay has been observed with a stat ist ical significance 
of ~ 4 s t andard deviations. 

I n t r o d u c t i o n 

W e p r e s e n t t h e r e s u l t s o b t a i n e d by t h e U A 2 
C o l l a b o r a t i o n a t C E R N in p r o t o n - a n t i p r o t o n col
l is ions a t ^/s = 630 G e V in t h e s t u d y of l a rge -px 
j e t s a n d p h o t o n s . W e a lso show ev idence for a 
s igna l of t h e p r o c e s s W , Z —• j j . T h e d a t a were 
col lected in 1988 a n d 1989 w h e n , t h a n k s t o t h e 
new p s o u r c e a t C E R N ( t h e A C O L p r o j e c t [1]), 
t h e U A 2 e x p e r i m e n t cou ld collect a n i n t e g r a t e d 
l u m i n o s i t y of 7.8 p b " 1 . T h e i m p r o v e d U A 2 de
t e c t o r was d e s c r i b e d in de t a i l e l sewhere [2], so 
t h a t he r e we briefly reca l l on ly t h o s e p a r t s which 
were used in t h e j e t a n d p h o t o n m e a s u r e m e n t : 

a) T h e c a l o r i m e t e r d e t e c t i n g t h e full a z i m u t h a l 
ang l e a n d |?7| < 3 , s u b d i v i d e d in a t o t a l of 
624 cells. 

b ) T h e sc in t i l l a t ing- f ib re d e t e c t o r used for t r ack 
ing a n d , in c o n j u n c t i o n w i t h a P b conver te r 
( 1 . 5 X o ) , u sed t o m e a s u r e t h e p o s i t i o n of t h e 
ea r ly shower w i t h a n accu racy of ~ 1.1 m m 
a n d 0.4 m m in t h e ax ia l (z) a n d t h e az
i m u t h a l d i r e c t i o n s , respec t ive ly . 

c) T w o a r r a y s of s c i n t i l l a t i n g - c o u n t e r h o d o s c o -
pes t o m e a s u r e , w i t h a t ime-of-f l ight tech
n i q u e , t h e l o n g i t u d i n a l c o o r d i n a t e of t h e ver
t e x w i t h a r e s o l u t i o n of 25 m m r . m . s . 

J e t a n d d irec t p h o t o n m e a s u r e m e n t 

J e t s a re defined as a h i g h t r ansve r se - ene rgy 

a r o u n d t h e h ighes t - ene rgy c lus t e r s . T h i s defi
n i t i o n inc ludes a lso g l u o n s r a d i a t e d in t h e final 
s t a t e . 

T h e t o t a l p x - i n d e p e n d e n t s y s t e m a t i c e r ro r a-
m o u n t s t o ± 3 2 % , t h e l a rges t c o n t r i b u t i o n (25%) 
c o m i n g f rom t h e u n c e r t a i n t y in t h e j e t f r a g m e n 
t a t i o n func t ion . 

F i g u r e 1 shows t h e inc lus ive j e t c ross-sec t ion in 
different slices of r a p i d i t y . T h e sol id curves r ep 
resent an a b s o l u t e Q C D l e a d i n g - o r d e r p r e d i c t i o n 
w i t h Q2 = ( p x / 2 ) 2 a n d t h e s t r u c t u r e func t ions 
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F i g u r e 1: Inc lus ive j e t c ross-sec t ion a t different 
r ap id i t i e s of t h e j e t . Sol id l ines a r e l e a d i n g - o r d e r 
Q C D p r e d i c t i o n s w i t h s t r u c t u r e func t ions of [3]. 
E r r o r s on th i s p lo t a re on ly s t a t i s t i c a l . 

d e p o s i t i o n w i t h i n a cone of r a d i u s 
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Figure 2: R a t i o be tween UA2 d a t a and Q C D 
pred ic t ion us ing N H M R S B s t r u c t u r e funct ions 
( d a t a p o i n t ) . T h e curves are t h e r a t i o be tween 
predic t ions us ing o the r s t r u c t u r e funct ions [4] 
a n d t h a t which uses N H M R S B . 

of Ref. [3], set B ( N H M R S B ) . T h e ag reement 
be tween d a t a and Q C D is good , especially in t h e 
centra l r ap id i ty region. 

F igure 2 shows a compar i son of t h e d a t a w i th 
Q C D ca lcu la t ions , for o ther choices of s t r u c t u r e 
funct ions [4]. T h e d a t a a n d the Q C D calcula
t ions are b o t h no rma l i zed to the N H M R S B pre
dic t ion . T h e ag reemen t be tween d a t a a n d Q C D 
ranges w i th in ~ 3 0 % . 

In UA2, direct p h o t o n s are m e a s u r e d in UA2 
by the conversion m e t h o d [5], explo i t ing t h e dif
ferent conversion probabi l i t i e s in t h e preshower 
de tec tor for single p h o t o n s a n d for p h o t o n pa i rs 
coming f rom n0/r) decays, which cons t i tu t e a lar
ge b a c k g r o u n d t o t h e direct p h o t o n s ignal . 

T h e inclusive d i r ec t -pho ton cross-section is pre
sented in F ig . 3, aga in in compar i son wi th a 
Q C D calcula t ion per fo rmed to t he nex t - to - l ead ing 
order [6], a n d for different choices of s t r u c t u r e 
funct ions ( D O l , D 0 2 [4], Aurenche [7], E ichten 
[4]) and also different choices of t h e scale p a r a m 
eter Q 2 . T h e r e is a general ag reemen t be tween 
d a t a a n d theore t i ca l p red ic t ions , b u t t h e d a t a are 
no t accu ra t e enough t o d is t inguish t h e different 
mode l s . 

Two-jet decay of W and Z bosons 

T h e m e a s u r e m e n t of t h e two-jet decay of t h e 
i n t e r m e d i a t e bosons [8] represents a chal lenging 
expe r imen ta l issue. In fact, even t h o u g h t h e 
q u a r k - a n t i q u a r k decay channel is by far m o r e 

F igure 3: Inclusive direct p h o t o n cross-section. 
T h e UA2 d a t a (presented w i th only t h e s t a t i s 
t ica l errors) are c o m p a r e d wi th nex t - to - l ead ing 
order Q C D calcula t ions us ing different choices of 
Q2 and s t ruc tu re funct ions . 

a b u n d a n t t h a n t h e lep tonic one (by a factor of 6 
a n d 21 respect ively for W a n d Z), t h e overwhelm
ing Q C D backg round ( a b o u t 100 t imes h igher 
t h a n the s ignal) toge ther w i th t h e elusivi ty of 
t h e j e t definition m a k e th i s search very difficult. 
I t is essential for th i s analys is t h a t t he re is a large 
in t eg ra t ed luminos i ty ( the one ac tua l ly employed 
was 4.7 p b " 1 ) , a ded ica ted t r igger [8], a n d a j e t 
a l g o r i t h m t o op t imize the j e t - j e t i nva r i an t -mass 
resolut ion. 

T h e j e t was defined by a cone a lgo r i t hm, i.e. 
t h e energy of t h e j e t was collected wi th in a core 

(A t / 2 + A<£) < 0.64 

whose size was op t imized by M o n t e Car lo s imu
la t ions a n d by the d a t a themselves t h r o u g h t h e 
m i n i m i z a t i o n of t h e t ransverse m o m e n t u m of t h e 
j e t pa i r . T h e two m e t h o d s gave consis tent resul t s 
ind ica t ing a j e t - j e t m a s s resolut ion 

K i j j M j ) = 10 -7%for70 < my < 1 0 0 G e V 

T h e j e t - j e t i nva r i an t -mass d i s t r ibu t ion was ana l 
ysed, and a good fit of the d a t a was o b t a i n e d only 
if, in add i t ion to t h e funct ion t h a t p a r a m e t r i z e s 
t h e c o n t i n u u m Q C D background , a s ignal , p a r a 
met r i zed as t h e s u m of two G a u s s i a n l ine shapes , 
was added in t he region 70 < ray < 100 G e V . 
Figures 4a and 4b show t h e resul ts of th is fit 
whose free p a r a m e t e r s were the W m a s s raw, 
t h e resolut ion cr m j j , a n d t h e n u m b e r N of events 
in t he s ignal . T h e best fit gave 

raw = 79.2 ± 1.7GeV, amys/m.. = (9.9 ± 2 .5 )% 
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Figu re 4: a) J e t - j e t i n v a r i a n t - m a s s d i s t r i b u t i o n . 
T h e d a t a a re s h o w n t o g e t h e r w i t h a fit t h a t in
co rpo ra t e s t w o c o n t r i b u t i o n s : a s m o o t h l y de
creas ing func t ion desc r ib ing t h e Q C D con t r ibu
t ion a n d , s u p e r i m p o s e d o n th i s in t h e region 
70 < mjj < 100 G e V , a s igna l m a d e by two G a u s 
s ian l ine s h a p e s , r e p r e s e n t i n g t h e W / Z —• j e t - j e t . 
T h e solid l ine is t h e s u m of Q C D a n d s igna l con
t r i b u t i o n s , whi l s t t h e d a s h e d l ine is on ly Q C D . 
b) S a m e as a) b u t t h e Q C D func t ion was sub 
t r a c t e d . T h e s e p a r a t e c o n t r i b u t i o n s f rom W a n d 
Z are a lso s h o w n . 

a n d N = 5618 ± 1334. T h e n u m b e r of events 
found by t h e fit is s ignif icant w i t h i n 4.2<7 a n d 
t r a n s l a t e s i n t o a cross-sect ion t i m e s t h e b r anch 
ing r a t i o B R i n t o j e t pa i r : 

c r -BR(W, Z —• j j ) = 9 . 6 ± 2 . 3 ( s t a t . ) ± l . l (syst . ) nb . 

T h i s resul t can b e c o m p a r e d w i th a S t a n d a r d 
Mode l ca l cu l a t i on p e r f o r m e d a t o rde r a2 [9], 
which gives 5.8 n b . 

[3] P .N. H a r r i m a n et a l . , D u r h a m p r e p r i n t 
D T P / 9 0 - 0 4 , R H L / 9 0 - 0 0 7 a n d t h e vers ion re
vised in Apr i l 1990. 

[4] T h e s t r u c t u r e func t ions shown for c o m p a r i 
son in F ig . 2 a re : 
E . E ich ten et a l . ( E H L Q ) , R e v . M o d . P h y s . 
56 (1984) 579; 
A . D . M a r t i n et a l . ( M R S E , M R S B ) : M o d . 
P h y s . Le t t . A 4 (1989) 1135 a n d references 
the re in ; 
P .N. H a r r i m a n et a l . ( N H M R S E , N H M R S B ) , 
s a m e reference as in [3]; 
D . W . Duke a n d J . F . O w e n s ( D O l , D 0 2 ) , 
P h y s . Rev . D 3 0 (1984) 49 . 
J . C . Morfin a n d W . K . T u n g ( M T 1 , M T 3 ) , 
p r ep r in t F e r m i l a b - P u b 9 0 / 7 4 , F F T - P H Y -
9 0 / 1 1 . 

[5] For a desc r ip t ion of t h e convers ion m e t h o d to 
m e a s u r e di rect p h o t o n s see, for e x a m p l e , t h e 
U A 2 C o l l a b o r a t i o n p u b l i c a t i o n s : 
J . A . A p p e l et a l , P h y s . L e t t . B 1 7 6 (1986) 
239; 
R. A n s a r i et a l , Z. P h y s . C41 (1988) 395 . 
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DISCUSSION 

Q. M . D r e e s (CERN): Did you include interference be
tween pure Q C D graphs and hadronic decays of W 
and Z bosons? 

A. V . C a v a s i n n i : Yes, hut the effect is not significant, 
i .e. the signal, denned as the pure W,Z-*qq decay 
contribution, comes out about the same in fits wi th 
and without the interference effect. Effectively, most 
of the interference contribution can b e absorbed in 
the smooth QCD background in the fit where i t is 
not explicitly included. 

Q. L . M . J a m e s (Univ. of Illinois, Urbana-Champaign) : 
D o you have any way in your experiment of filtering 
for quark jets? If you could prepare a sample en
hanced in quark je ts , the W/Z peak should be clearer. 

A. V . C a v a s i n n i : We made an attempt in the past to 
cut on charged track multiplicity of jets (theoretical 
prejudices say that it should be higher in gluon frag
mentat ion than in quark fragmentation). We did not 
get significant improvement on signal-to-background 
ratio. 
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